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Research Motivation
ÁAtmospheric entry

o Typical lunar return reentry velocity: 
11 km/s

o ~10 metric ton reentry vehicle

o 500 GJ of kinetic energy 

o 15 min from entry to landing

ÁThermal protection
o Ablative heat shields

ÅRely on pyrolysis and mass loss

ÅNon-reusable

o Thermal soak

ÅHeat absorbed into TPS material

ÅMust be either cooled or ejected

5/20/2019 3TFAWS 2018 ïAUGUST 20-24, 2018



Research Motivation
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ÁGround testing
o Replicate Mach number, heat flux, 

pressure, and surface velocity 
gradient

o Understand chemistry of pyrolysis

o Develop computer models of heat 
shield mass loss and thermal soak

ÁDifficult to replicate all 
parameters

ÁUse different facilities to 
replicate specific features

ÁCombine data in 
computational models
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High-Enthalpy Flow Facilities
Á Impulse facilities

o Gun tunnels, shock tubes, expansion tubes, Ludwieg tubes

o Use unsteady shock  motion to generate high-enthalpy, high-velocity flow

o Run time on order of milliseconds

ÁArcjet
o Use high-voltage discharge to superheat flow

o Run time virtually unlimited

o Metal electrodes contaminate flow

Á Inductively Coupled Plasma (ICP) Torch
o Use fluctuating magnetic fields to superheat flow

o Run time virtually unlimited

o No metal electrodes in contact with flow

o Typically run at lower pressures than arcjets
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What is an ICP
Á Induction coils fed with high-

voltage MHz AC power

ÁFluctuating magnetic field 
generates electric field 
necessary for gas breakdown

ÁGas injected into cooled 
quartz tube inside coil

ÁSwirling motion of air keeps 
plasma ball away from walls

ÁSuperheated air forced 
through water cooled nozzle
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Current Facility

COMPONENTS AND CAPABILITIES
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Current Facility

Water-Cooled 

Insertion Arm

Torch Head

Control/Instrumentation 

Cabinet

Plexiglas-Enclosed 

Fume Hood
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Video of Startup
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Torch
ÁDeveloped by Applied Plasma Technologies

ÁUp to 50kW inductively coupled plasma

ÁCoil voltage between 9 kV and 12 kV at 6 
MHz

ÁPlasma chamber
o Water-cooled quartz tube

o 250 mm in length

o 30 mm exit nozzle

ÁTorch head tethered to power supply with 
flexible cable
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Traverse Table
Á3-Axis translation with 1 ton 

capacity

ÁMove torch with respect to a 
fixed optical diagnostic setup

o Resolution: 0.5 mm

o Travel: 150 mm

ÁAllows optical diagnostics to 
probe arbitrary locations in 
plume with no readjustment of 
optics
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Insertion Mechanism
ÁDeveloped by NASA 

collaborators

ÁTwo water-cooled arms

ÁAdjustable height above torch
o 0 to 150 mm

ÁMotorized insertion
o Fast: 45° per second

o Slow scan: 1 mm resolution through 
plume diameter

ÁAdapters for mounting 
instruments and test articles
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Testing Results

FLOW CHARACTERIZATION
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Operational Envelope
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Maximum Operating Voltage for Power Supply Components
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